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Abstract—In order to achieve customer satisfaction in 

healthcare industry, the selection process of the right medical 

device suppliers among a number of alternatives is very 

critical. In this study, performance supplier alternatives’ 

performances are evaluated using fuzzy data envelopment 

analysis technique. The subjective judgments of decision 

makers are expressed by means of linguistic variables. The 

proposed fuzzy group decision making approach is illustrated 

through a medical supplier selection problem. 

 
Index Terms—Fuzzy data envelopment analysis, 

performance assessment, medical supplier evaluation 

 

I. INTRODUCTION 

upplier selection, which takes place in the context of 

supply chain management, is considered as a strategic 

decision making problem that help managers remain 

competitive [1]. Suppliers are considered as crucial part of 

any value chain network since they may improve the 

profitability, competition capability and customer 

satisfaction [2]. Therefore, suppliers’ performances affect 

directly cost effectiveness, delivery time and service quality 

of a supply chain [3].  

Growing market competition and rapid changes in 

customer choices lead firms to collaborate with efficient 

suppliers for achieving the competitive advantage [2]. 

Supplier selection decisions are quite sophisticated since 

various criteria must be taken into account in decision 

making process [1].  

Supplier selection problem may be employed in both 

manufacturing and service sectors. Increasing health 

expenses, competition and improved quality in health sector 

motivate hospitals to allocate their resources efficiently [1]. 

Hence, hospitals may face with decreased quality, increased 

cost, delivery time problems and disruption in whole system 

due to the lack of medical device supplier selection process. 

Selecting the right medical device supplier enhances the 

competitive advantage of the hospitals.  

This paper proposes to employ data envelopment analysis 

(DEA) technique for assessing medical suppliers’ 

performances. Linguistic variables and fuzzy numbers are 
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used to quantify the impreciseness inherent in the supplier 

selection process. 

The original data envelopment analysis model, also called 

as the CCR model, proposed by Charnes et al.[4], calculates 

the relative efficiency of a decision making unit (DMU) by 

maximizing the ratio of its total weighted outputs to its total 

weighted inputs with a constraint that the output to input 

ratio of every DMU is less than or equal to unity. 

Throughout the literature, several approaches such as weight 

restriction and cross-efficiency analysis have been 

developed in order to handle the unrealistic weight 

distribution and improve the discriminating power of DEA 

[5]-[6]. Besides, minsum and minimax efficiency models do 

not give favorable consideration to the DMU under 

evaluation unlike the traditional DEA model [7]. Minimax 

efficiency is to minimize maximum deviation from 

efficiency whereas minsum efficiency minimizes the total 

deviation from efficiency [8]. 

Albeit the conventional DEA models are limited for 

dealing technology, supplier or health-care service systems 

evaluation and selection problems, the observed data set 

may provide vague and imprecise knowledge about the 

generating process [9]. Then use of the fuzzy measures and 

fuzzy mathematical programs in the DEA models is 

unavoidable, which are obtained from the experts, generally 

by linguistic terms, and then denoted as fuzzy numbers [10]-

[11]. Fuzzy DEA, is an extension of DEA which 

incorporates imprecision in DEA. There are several 

approaches in fuzzy DEA literature, such as tolerance 

approach [9], the α-cut approach [12]-[13] fuzzy ranking 

approach and the possibility approach [14]-[16].  

In this study, the model proposed by Karsak [17] is 

employed to deal with the explained case-study problem. 

The selected framework, deal the problem with two 

perspectives, namely optimistically and pessimistically. 

This paper presents a fuzzy group decision making 

approach based on fuzzy DEA to identify the most 

appropriate medical device supplier. The rest of the study is 

organized as follows. Section II outlines fuzzy data 

envelopment analysis method. The subsequent section 

illustrates the proposed methodology via a numerical 

example. Final section delineates the conclusions and future 

research directions. 

II. FUZZY DATA ENVELOPMENT ANALYSIS 

TECHNIQUE 

 

The preliminary model proposed by Charnes et al.  [4], 

obtains the efficiency score as the maximum of a ratio 

weighted outputs to weighted inputs subject to the condition 

that the similar ratios for every DMU be less than or equal 

to unity. Their model is as follows: 
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where 
0JE   is the efficiency score of the evaluated DMU, 

ru is the weight assigned to output r, iv is the weight 

assigned to input i, rjy  is the quantity of output r 

generated and ijx  is the amount of input i consumed by 

DMU j, respectively, and  is a small positive scalar. 

In this part of the study, the employed DEA model which 

incorporates both exact and imprecise data is presented. The 

model proposed by Karsak [17] is simplified due to the non-

existence of ordinal data in the inputs or outputs, and subsets 

of ordinal outputs and ordinal inputs are eliminated from the 

model for providing a clear understanding.  

 

Let ,0 ),,,(~
ijcijbijaijcijbijaij xxxforxxxx  present 

the fuzzy input i employed by the jth DMU, and 

,0 ),,,(~
rjcrjbrjarjcrjbrjarj yyyforyyyy   denote 

the fuzzy output r produced by the jth DMU. Let 
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Let U
JE )(

0
and L

JE )(
0

denote the upper and lower 

bounds of the α-cut of the membership function of the 

efficiency score for the evaluated DMU ).( 0j  Employing 

the replacements given above, the general optimistic 

scenario DEA model incorporating crisp and fuzzy data can 

be written as 
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where RF and IF respectively represent the subset of fuzzy 

outputs )( RFR  and the subset of fuzzy inputs )( IFI  , 

where R denotes the set of outputs )( RFC RR  and I 

represents the set of inputs )( IFC II  . Similarly, the 
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general pessimistic scenario DEA model incorporating crisp 

and fuzzy data can be written as 

 

)()max(
0000 arj

Fr
brjrrjar

Cr
rjr

L
J yyyuyuE

RR

 


  

subject to                                                                           (11) 

 

1)(
0000

 


bij
Fi

cijiciji
Ci

iji xxwxvxv

II

 

0)(

)(

0000

0000

  

  





bij
Fi

cijiciji
Ci

iji

arj
Fr

brjrarjr
Cr

rjr

xxwxvxv

yyyuyu

II

RR



0;...,2,1  0)(

)(

jjnjxxwxv

xvyyyuyu

ija
Fi

ijbiijai

Ci
ijirjb

Fr
rjcrrjcr

Cr
rjr

I

IRR

 

   







IIi

RRr

Ii

Rr

Iii

Rrr

FiCiv

FrCru

Fiw

Fr

Fivw

Fru













,,0

,,0

,0

,0

,0

,0









 
 

III. ILLUSTRATIVE SUPPLIER SELECTION PROBLEM 

 

In the presented problem, each decision making unit 

(DMU) represents a supplier alternative. This paper uses 

hypothetical data for medical device supplier selection 

criteria that are chosen from [1]. Reliability (the percentage 

of defective items) and late delivery present the cost criteria 

which are considered as input, while the managerial 

capability and experience in the sector are the benefit 

criteria, so they are taken into account as outputs. As can be 

understood from the table given below, experience in the 

sector and reliability, which are the exact values for each 

alternative, are evaluated as years and percentage, 

respectively. On the other hand, managerial capability and 

late delivery are evaluated by two decision makers, equally 

weighted, with linguistic terms.  

 
TABLE I 

DATA FOR MEDICAL SUPPLIER SELECTION CRITERIA 

Supplier 
alternative 

Managerial 
capability 

Experience 
in the sector 

Reliability 
Late 

delivery  

DMU 1 VH-DH 5 2.5 M-L 

DMU 2 L-L 12 3.9 M-H 

DMU 3 M-H 14 2.7 VL-DL 
DMU 4 H-H 13 2.6 M-M 

DMU 5 M-L 10 4 M-H 
DMU 6 VH-H 8 5.1 VH-H 

DMU 7 M-M 17 3 M-M 

DMU 8 L-VL 13 3.2 M-H 

 

The corresponding fuzzy scale for the linguistic term set is 

considered as DL: (0, 0, 0.16), VL: (0, 0.16, 0.33), L: (0.16, 

0.33, 0.50), M: (0.33, 0.50, 0.66), H: (0.50, 0.66, 0.83), VH: 

(0.66, 0.83, 1), DH: (0.83, 1, 1). 

 

 

 
 

FIGURE 1 
MEMBERSHIP FUNCTIONS FOR LINGUISTIC VARIABLES 

(DL: (0, 0, 0.16), VL: (0, 0.16, 0.33), L: (0.16, 0.33, 0.50), M: (0.33, 0.50, 

0.66), H:(0.50, 0.66, 0.83), VH: (0.66, 0.83, 1), DH: (0.83, 1, 1)). 
 

 

For scaling adjustment, experience in the sector and 

reliability terms are normalized with max-value 

normalization method. Then the models that are represented 

above, are applied with 001.0 and 1.0 . The results are 

as given in Table II. 

 

 
TABLE II  

DEA EFFICIENCY SCORES OF DMUs 

Supplier 

alternative 

Optimistic scenario 

efficiency score 

Pessimistic scenario 

efficiency score 

DMU 1 1 0.775 

DMU 2 0.981 0.543 
DMU 3 1 0.915 

DMU 4 1 0.882 

DMU 5 0.981 0.441 
DMU 6 0.985 0.373 

DMU 7 1 1 

DMU 8 0.988 0.717 

 

 

As is illustrated in the table given above, for the 

optimistic scenario, four supplier alternatives are evaluated 

as efficient, while for the pessimistic scenario, only DMU7 

is the efficient-alternative.  It is worth nothing that 

pessimistic model, provides a robust classification, yielding 

to a single-efficient DMU.  

IV. CONCLUSION 

In this work, the most suitable medical device supplier 

alternative is identified using fuzzy data envelopment 

analysis-based group decision making approach which 

provides a performance evaluation in order to improve 

customer satisfaction. Future research may focus on 

incorporating ordinal data into the decision framework. 
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